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16-443 • [' ■'• . ' • . ■ 

DIA?HRA<3l PUMP 

■• technical Field .' . 

The. present: invention, relateg generally to fiuid'. ^ • 
powered diaphragm pumps and. In particular, to a' control ■ ' 
module for. controlling the stroking of ^ diaphragnt forming " 
. part o'f the fluid powered diaphragm pump. 

Backarouhd A^^"- " • ' 

• . Piaphragp pumps are used in. a wide variety of ' / 

appl.ica.ti9ris and- are considered t6 be .a positive . ' • • • 

...displaceinent type i^ump. . Diaphragm' pumps are. especially 

useful for pumping. fluids .that .contain solid or semi.solid 

.material, which would .adversely effect, the operation, of other " . 

types bf. positive, displacement pumps', such as progressive ' 
cavity pumps.- . . • • 

.A fluid powered diaphragm- pump. -operates" by cohtrol led 
application of a fluid pres3ure against a. diaphragm tnounted ' 
within a pump housing. During ^ pump, discharge stroke, the. ' ' 
diaphragm exerts pressure uppn'h^uid within the ho^^^^ 
causing, that fluid. . to be punped from ,a housing outlet . . On a ■■ 
. suction or returri: stroKe, the diaphragm is .withdrawn to ■ ' 
allow fluid to .enter. a housing inlet before a subsequent' • ' 
discharge stroke-. . • • . . ' . " ' '■ 

Prior art fluid pgwered diaphragm pumps utilize, a • . ' 
variety of mechanisms for effecting the discharge and . 
suet ion .-strokes, .in some prior art pumps/ compfessbd 'fluid •. 
.i3 routed to a. diaphragm chamber during the pump discharge • 
.stroke -which. applies afprce against the diaphragm causing " ^ ' 
.It t^o extend-.-arid ft,rce fluid out the pump discharge. On.the .. ' 
suction stroke, . th,e diaphragm chamber is vented and the 
diaphragm .is urged in the opposite; d^^^ . 
mechanical -spriiig or a fluid pressure operated cylinder or 
.Actuator. : . : . Express imi UNWo. g»/ , .> ^ 

' "ereby certHy that thisonuuLL izT^^^^ 



Examples of prior 'pump designs are disclosed in u. s 
••.Patent Nos, ,,.S2X.9s6 and 4, 85-6.969 /^oth of which are owned 

by the assignee of the subject application- and are. hereby. 
.. incorporated by. reference - The ^990 patent discloses a ' 

diaphragp, pump using a spring to store energy during a 
discharge stroke which -is utilized to. effect the suction 
. stroke, .The '969 .patent .utilizes a fluid pressure. operated 
-cylinder to achieve -the suctipn stroke., in the ^969 patent ' 
•txmers and-.other electronic controls; are disclosed for • " ' 
controlling the suction and discharge 'strokes for the 
diaphragm pump. • 

. Many prior, art . diaphragm controllers in current -use 
today.-use fluid logic and associated fluid pressure ' ' ■ 
9.:^rcuitry.. to,cont-roivopemipn;of the pCmp. Many of these ' • 
circuits ^el^ on jpr^apure differentials generated in valve 
control, Chamber^ to;cause;shiftihg of valve elements;. Many- - 
of the- current diaphragm pump controllers of this type " ' ' 
suffer-frpm.:a...»stallihg^^- or -centering'' phenomena, when ' " 
th,s phenomena occurs, -.the direction control valve becomes'^ ^ 
positioned ,uch that it. cannot, distribute th. input power to 
. operate- th. pun*.:;. Manufactures have attemptedvto solve thi.- 
-problem using various techniques, v Tl^ese attempts to' solve ■ 
the problenri haye.'not^been completely. .successful- " . . . ■ ' " 

Disclo.qiir -e. of Tmi-tfnU^n . , ..' 

:;..--.;The-.present inyentipn-prov^^^ new and improved 
d.iaphyagm pumjp and contrp-i-. system.:, In particular, a control •- 
-dule is .disclosed f :a diaphragm: pump that is adaptable 
to a wide, variety of . diaphragm pumps .. ' The control . module "" " 
controls:the..stifpking..,of ..the pump and includes pressure.- 
regulators, for .adjusting the rate of stroke and sensors -for 
ensuring that full suction ^nd discharge strokes are ^ 



executed by the diaphragm pump. . The control module is a 
self -contained . unit and can be adapted to both, new and old 
diaphragm pump designs . " 

An object of the invention is tp provide- an improved ' 
. control , ciircuit scheme that will allow fop the reliable and 
consistent operation of a device, such as a fluid power ' 
diaphragm pump, it is also an- object, of the present, 
■invention to provide a circuit having flexibility in'its 
implementation which allows it to be adapted to a wide 
variety of fluid pressure operated diaphragm pumps 

. . .An; advantage of . th6 disclosed invention is .that' it can 
be. installed on existirtg hardware'and utilizes many 
Gompohent parts from the original piece^^pf equipment. . 

Brief Descrip^ift n of Dra win^^a 

• ; Figure r is a.perspectiVe view of a diaphragm pump and 
control module ..constructed in accordance" with a preferred 

• embodimerjt of. the invention; ' 

Fig4re 2 is _a perspective view of the control module 
constructed in accordance with the preferred emlpodiment of . 
.tlie 'invention ; 

• Figure 3 is an /exploded. view of the control module . . 
shown in.rFigure 2 ;.■ ■ . , 

. . -.Figuire.-l is. a. side' elevational view, partially in . 
..section, of the epntroi module alhown attached to a portion 
. of ■ a diaphragm pump that is shpwn schematically . . 

Figure 5 is a schematic" representation of the control •. 
circuit forming part gf the control, module, including a 
schematic representation of aactuating rod forming part of 
-the. control module; and, 

. Figure 6 is another schematic representation of the 
circuit and,.fluid pressure control component forming part of 



the control module. ^. *• ' i' 

• Best Mode for Carrvlha Quh th^ Invgnhinn ' 

. Figure .1 ijlustr^t^s a diciphragm pump; assernbly \o that 
includes a diaphragm pump 12 and' a control mbdule 14 
constructed in accordance with, the preferred embodiment, of 
the invention. The RUmp. control module or controller 14 
controls recipropating.- movement of a diaphragm- ie that forms 
part of the diaphragm pump: 12 and is schematically shown in 
Figure 4 ) . ■ • " . . 

. The.' diaphr;agm pump 12 may be conventibnai " and includes 
a diaphVagm hpvasing - l2a in. which- the f lexible diaphragm 16 ■ 
is mounted. As is known and. tef erring, also' to Figure 4,' the 
diaphragm 16 divides the diaphragm housing .I2a into aii upper 
chamber . 16a and a lower chamber 16b • Cahpwn only in Figure ' .. 
^4) . The lower chamber 16b is =eonn69ted to a ^base Te^"2o' 
■(Figure -1); . th^^ough Which the. .pumpage or effluent flows.. -The 
inlet to the pu^ indicated' generally by the reference 
character 22. is defined, at: least in part by a conventional 
check valve 24 which operates to allow the pumpage to. flow, " 
sub.stantiall.y: unrestricted, f.ro^^ an 'inlet flange 26 : to the' 
base Tee 20. ' . 

A pump discharge' indicated generally by. 'the reference' 
•character 28 is def iiied'.in pa^t by a. di^ch^rge ch^^^^ 
30 which permits S.ubstantially unrestricted fluid flow from' 
t.h^. base tee. 20 to a discharge flange 32 but inhibits ' 
reverse. fluid flow from the discharge flange 32 to the base- 
Tee;20,- ' '.• 

The pump control -module 14 "effects vertical, • 
reciprocating movement (as viewed in Figure 1) ih the 
diaphragm 16 located .within the diaph-ragm housing 12a (shown 
in Figure 4) ; As the .diaphragm 16 i.s moved upwardly in /what 



is usually termed a "suction stroke," material to be pumped 
is drawn into the bas6 Tee 20 apd lower chamber 16b of the 
diaphragm pump via the inlet check valve 24. ' Pumped 
material at the discharge flange 32 is inhibited from being 
drawn into the base Tee 20 by virtue of th^ discharge cheqk 
valve 30. Following the suction stroke of the diaphragm, 
the control module or controller 14 effects downward 
mpvement of the diaphragm 16 with what is ysually termed a 
"discharge- sttqke" . The downward, movement of the diaphragm 
16 forces pumpage material from the lower diaphragm chamber 
46b into the ..base Tee ; 20 and out /through the discharge check 
valve. 30. The material being pumped is inhibited from 
flowing to the inlet flange 26 by, virtue of -the inlet check 
valve 24. As should npw be undetstood, and which is also 
conventional, .the reciprocating movement of the diaphragm 16 
causes pumpage material to be conveyed under pressure from 
•t-^ie inlet flange 26 to the discharge flange 32. • 

The reciprocation or "stroking" .of the diaphragm 16 is ' 
Gontrolied by. the pump control module 14. Referring to 
Figures 1-4, the pump control module 14, in the preferred 
embodiment, is :fluid pressure operated and. in the 

.illustrated embodiment,; is operated by air pressure! 

Referring in particular to Figures 2 and 3, the control 
module 14 includes, a fluid pressure operated. actuator or ' . 
cylinder 50 that includes an actuating rod 50a that is 
connected to the diaphragm 16; located within the pump ' s 
diaphragm housing 12a: (the connection is schematically shown 
in Figure 4) . As is conventional, the primary purpose of • ■ 
the cylinder 50 and associated actuating rod 50a is to 
retract, the diaphragm' 16.; i.e., move it to its upper 
position as viewed in Figure 4." in short, the primary 
purpose of the cylinder 50- is to effect the "suction stroke'' 



of the pump. . • 

Referring in particular to Figure- 3> the' cylinder .50 is 
secured to an intermediate housing 03: bracket 60. An 
. adapter 64 is secured to the underside of the intermediate 
bracket. 60. by a plurality of bolts 66. The adapter 64 which 
is flange-like in construction is bolted to a pump flange 68 
forming part of the^diaphra^-housing i2a (shown. 
. schematically in Figure 4) . As. seen in Figure 4, the 
actuating rod 50a extends through the intermediate, bracket ' 
60 and adapter 64 and.. is. connected to a central portion of . 
•the diaphragm, 16... The lower end of. the actuating rod SOa 
my include a threaded segment adapted to threadedly engage, 
the cente'ir of the. diaphragm. 16. . 

The intermediate bracket ;.^0 mounts a pair of pressure 
regulators 72a, 72b, .a direction .control valve 74 and an . - 
intermediate, valve 76. As will be. explained > the " 
intermediate valve -76 provides' a detent or lock function for 
the direction control valve 74. . . 

When the ihtetmediate valve 76, direction control valv4 
74, and pressure regulators- 72a, 72b are bolted to the ' 
intermediate :bracket:^60,;. the' necessary fluid . communications. . 
between the components are established .by porting and 
passages formed- in. the components. 

\ . • The fluid pressure -di-rcuits. that form part of the 
control module i4.. are illustrated" schematically in Figures 5^ 
and 6. Referring- to FiguresM-6, a source of air pressure ' 
wlVich provides the. motive force for the diaphragm 16 and the- 
cylinder So is connect..ed:to an inlet port 80 forming part .of 
the direction control valve 74. Referring to Figures 4 and 

/5, in the preferred and ijlus.trated embodiment,, the cylinder 
50. includes upper and Ibwer end-of-stroke sensors 86, 88 

.which directly or indirectly sens6 the extreme upper and " ' ' 



• lower positions of the actuating rod 50a that " forms part" of 

. the cylinder: 50... -When the actuating rod 50a reaches its ' 
upper: extreme of .trayei; (a^ Viewed in. Figure 4) an upper ' 
piston surface 90a actuates a- valve actuating pin 86a' 
f Qrming . part • of the end-of - stroke • sensor 86 . 

•In the .construction shovm in Figure 4, the illustrated 
cylinder -50 includes upper and' lower piston heads 90a, 90b 
which are attached to or form parf of the actuating rod 50a 
cylinder's having alternate.- constructions may be used with 
the present invention and .this invention should not be 

.limited to the..c6nstructibn/of,the cylinder 50 shown in ' 

• .Pi9ure 4 . : In partieular, a, cylinder may be used 'that'' 

. .includes •.only- a as shown in figures 5 and 

. 6 . In t^is ■ type of • cylinder, an upper surface 90a of the • ' 

.. Single, piston .?Q., contacts and- operates: the actuating pin" ' 

.:86a when 'the actuating rod 50a reaches its uppermost ' " 
^j^psition. . ■ %. ■ ■• ' . ' • ; . : '•■' ''•- " • . • '■. 

. In the preferred. embodiment;, the end-of-stroke' sensors 
•86/ 88 are normally closed, pneumatic valves, the upward 
movement of the actuating pin 86a shifts a valve element 
within the. normally closed end-of-stroke sensor. 86 to- 
.establish the fluid communication shown schematically in ' ' 
figure 5 and allow fluid flow through the valve., - in its " 
-unactuated position, the end,of -stroke sensor 86 blocks flow 
.through. th§ valve.. ' ' ... ' . • • 

■: ;. .. As seen in Figure .5, the source of fluid pressure (in ' 
. thi.s case air pressure) is ..communicated to t'he inlet port 80 
•-that forms prfrt- of the direction control valve^?^.. it is 
. also- communicated to pi],6t pressure chambers 76a/ 76b of the 
.intermediate valye 76 via supply passages 94a. 94b. Supply 
.pressure is. also communicated to input ports 102, 104 
forming part of end-of-stroke sensors 86, 88, respectively 



by branch supply. passages 3,06, 10.8. Finally, supply ' 
pressure. is also supplied to a supply porfc .110 gf the '• 
intermediate valv^ 76 by a branch supply conduit 112. 

The direction contrbl valve .74 is also pilot pressure 
operated and inclucies :opposed pilot, pressure chambers 743. 
74b. As is conventional, a valve .element within .the 
direction control valve" 74 shifts in 'response to 
differential pressures established in the pilot pressure 
•chambers 74a.,. 74b.-. Similarly, a vaive element- forming part 
of the intermediate valve 76 is .also shifted. in. response to 
-.differential pressures -in the Pilot" pressure ^chambers 76a, ". ' 



76b. 



The 'operation of .th^ .c.ontr^^^^ 
explained., Figure 5 i.Uustrates the .States - of . the control '. 
• system components. and yalyes when tht actuating, rod. 50a : 

reaches; its up|>epdst ..pb^^ Us ^-viewed iin. Figure 5) and " 

.-.has actuated threrid-of-stroke sensor" 86. ■ As the. actuat-ing 
..rod 50a reaches the end -of its suction, stroke (the upper ' 
extreme, of movement, for the actuating rod), the end- of- ' . 
stroke sens6.r pin 86a is operated by- the piston surface sOa 
(or the upper , piston 90a-P.igure 4) and moves a valve, .element 
;. within: t-he end-of-^ sensor se.from its normally -closed 

position :to. an op0nv posieidn at which the .input port 102 is . 
. communicated with an ' atrndspheric" port- 114 This immediately 
•vents, the. supply line lO.e.'.to. atmosphere, thereby venting the- 
pilot pressure chandler 76b of the intermediate valve 76; . ...^ 
. The supply- line.;?4b thkt fe:eds,. both the pilot, pressure • 
chamber 76b: and. the. supply port 102. of the ' end.of . stroke 
sensor 86 includes an orifice M^ .s^zed to restrict the flow 
■of air to th6 .•pilot.-pressure chamber 76b -such that the rate 
at which, the air is vented via .the end of' stroke sensor 86 
is. greater than the rate of replenishment air. As; a result. 
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a pressure substantially le^s than sdurce p.ressuie is- 
.crea:ted. in . the Pilot pressure chaimber 76b. . . ' 

The left pilot pressure. chamber 76a (as viewed -in 
Figure 5) is maintairied. at source pressure Via • the ' branch 
supply line. 94a and the closed p6sit ion of the loWer' end-of . 
stroke sensor 88. In the closed position, Supply pressure .at 
the input port .104 is blocked from atmospheric port 118 
forming part of : the lower en<i-of -stroke sensor 88. This 
differential, pressure established by the pilot pressure '• 
chambersWea, 76b. across the valve elejnent of the. . . * 
intermediate; valve 76 causes it:. tP: shift irightwardly and ' 
establish the fluid communication 'shown in Figure 5, which, 
as wiU:. be explained, causes a shift in the direction control 
valve 74^. , . • ■ '■ ■ " '■ 

: In particular, a pUot pressure ; chaitdjer. si^^^^ 
•120 which is cbnnected to' the right' pilot, ^tepsure chamber.. . 
.74b of the directional control valve is. vented to an . • . 
atmospheric jport 126 of the intermediate Vaiye 76 > A pilot ' 
pressure chamber signal passage 122 which is conrxected to .". 
the left pilot pressure, chamber 74a. is communicated to 
sigurce pressure via the . intermediate valve. 76 and branch 
supply passage .11-2 . As. a consequence, a .differential • ' 
pressure is established across the main controV element of 
the ."cii.rect ion control valve. 74. causing.' it to shift • 
rightv*ardly (as viewed in Figure 5) and-vestcib.iish the fluid •• 
pressure communications necessaiy to execute a discharge 
stroke in the. diaphragm puinp .12 . v 

. -As .seen in. .figure. 5, ."when th6 direction cohtrbl valve . 
74 is. shifted to the right, source pressure kt the supply 
port 80 is connected to a pressure cdnduit 130. The 
pressure -cphduit or passage 130 communicates with the upper 
Chamber 16a- When the uppey chamber 16a is. pressurized, the. 



diaphragm 16 is u^ged =^pwnwardly arid causes pumpage in the 
- lower chamber 16b and base: Tee 20 to. be driven out 'the pump 
discharge 32 (see Figure 1). For some applicationa, the 
conduit 13Q. may also connected to an upfiel: chamber 136 of 
the cylinder 50. (shown in Figure 4).. in order to create, a 
downward force on the actuatirig rod 50a which i^ also 
applied to .the, diaphragm 16. , . V 

. ■ . The passage' 130 (which is show?i',sqhematicaliy in Figure 
•5) .is defined by passages and other structures formed in the 
control module- 14. , In particular, the passage 130 is ^ 
defined in part by- a pasgige i30a formpdiin the pressure 
-regulator 72b. aVid -a passage ' 13 0.b def inediyby the intermediate 
bracket .60. A crps^ drilled passage 130c 4mmunicates • the ■ 

• pas^ageysegment 130.b..with a- central' region- ISOd defined by 
..the .adapter 64. The region 130d de'fines. an . opening through 

which the actuating rod -SOa extends, to connect, with the • 
center of ythe diaphragm 16".. - . • ' • . " . . • 
, , The passages 130a, -isob iJOc are cross connedted when ' 
control module 14. is assembled. 0-rihg seals. .137 are used 
to .seal the passage connections when the direction,, control 
valve ■74; . the pressure regulators 7.2a, ..■■72b- and intermediate • 
bracket 60' are ;bQlted together The- region 13 Od ! - • , 
communicates . with t;he chanibei^ "leaJand, thus/ air 

delivered to the' passages 136a, i-iob, ISOc.and 13 Qd provide. . 
•air ..pressure to the upper diaphragm chamber 'l6a...d.uriQg a . .. 
discharge stroke,. . . ' . . 

, SimiUriy, the passage' 142 (shown Schematically in ' ' 
Figures 5_ and 6) ig.\ defined' by passage segments defined by 
the reguiato?: valve 72. :md .. intermediate 'br'^cket 60.- A 
passage (not shown) formed in the intermediate bracket 60 /is 

• in fluid •communication with the lower- chamber 138 of the 
cylindep SO.--- -. ' ' • • . .• ; 



The cross drill passage 130c is normally sealed by a 
removable plug 139. • For. those applications, where- the upper 
chamber 136 of the cylinder 50 is to-be pressurized during a 
discharge stroke, the cro^s. drill passage 130c is connected 
to. the upper cylinder chamber 136. In particular, the plug 
139 is removed and replaced by a fluid pressure fitting. An 
upper cylinder head 141 of the cylinder 50 includes a port 
143 that- communicates with the upper chamber 136. The port 
143 is normally open to atmosphere if.; the upper chamber 136 
is not to be pressurized. To achieve pressurization of the 
.upper chamber 136 during a discharge stroke, a conduit shown 
.schematically, as 145 is connected between cross drill 
passage i 30c and. the port 143, . .' ' 

• Cpncurrently with the pressurization of the upper 
..diaphragm chamber 16a, a lower piston chamber 138 of the 
cylinder 50 (stiown in Figure ^3) , is' vented to. an atmosphere 
port 140 on thg. direction control valve 74 via pressure ' 
conduit 142. The depressurizatipn of the Ipwer cylinder 
chamber 138 eliminates the retract force exerted on the 
actuating rod 50a ^nd" allows th^ diaphragm 16 to move . 
downwardly with a force determined by the air pressure in 
the upper chamber .16a (and the upper cylinder chamber 136 if. 
pressurized), and effect a discharge strpke. • 

As the actuating rod 50a moveis downwardly, the normally 
closed valve element fprming part of. the upper end-of -stroke 
sensor 86 . returns, to its normally closed position, thus 
repiressurizing the right pilot pressure chamber 76a of the 
.ifitermediate valve 76. sinc^ both pilot pressure chambers 
•?6a, 76b are now at source pressure, i.e:, balanced, the 
valve element. remains in. position shown in Figure 5. 

Turning npw tP Figure 6, as .the actuating rod 50a 
reaches the end -cf its. discharge strpke; the lower piston 



..surface 90b (or lower piston surface in a single piston . 
cylinder - 90b) . actuates the. lower end-of-st;:oke sensor 88 and 
moves its associated valve element from, its normally closed 
position to an open position' at. which its input port 104 is 
•communicated to atmosphere via port. 118 .. . The input port 104 
Of the ..end-of -stroke sensor- 88 is connected to the pressure 
supply conduit 94a via btanch passagb 108; the supply . • 
■passage, .94a also communicates s6urce. pressure to the left 
pilot pressure charpber 76 of the intermediate valve 76 . The 
supply conduit 94a includes" an orifice 116 designed to limit 
the rate -af which air pressure can flow .to' the pilot 
pressure chamber 76a.; Consequently, the venting of the 
branch passage .94a that is conn^bted to the' pilot pressure . - 
chamber 76a causey the.pressure inthe. pilot pressure ' 
chamber to fall ,substan.tially...below source pressure thus ' 
..establishing a differential .=acr6ss the. .ralve element in the 
intermediate valve 76.- This differential shifts the valve ' 
element leftwardly .(as viewed in Figure ;6) and establishes 
th? fluid, pressvire communications shovm- in Figure 6. ■ 

In particular, the left pilot pressure chamber 74a of 
the directiprt. valve is vented to atmosphere via the passage : 
122 which- is connected' to an atmospheric port. 150 oh the - . " 
.intermediate valye 76.. Concurrently, source pressure is 
•communicated to the right pressure- pilot chamber 74b of the ' 
direction control Valve 74 by -means of the supply passage • 
12.0 which is- connected to the supply conduit lie via the . 
intermediate valve 76. ' This establishes a pressure " 
differential- across the valve element of the direction 
control valve 74 causing it to move leftwardly as viewed in 
Figure 6 and establish the- illustrated communications. . In. - 
particular, source pressure is .communicated to the lower 
chamber . 138 of the cylinder. .50 -via the supply passage 142 ■ 



The uppet piston ctember" 136 and upper diaphragm chamber I6a 
is vented to. atmosphere: via supply passage 130 which is 
connected tp. an atmospheric port 156 on the direction 
-.control valve. -74." ■ ■ . ' 

■ In Figure 3 mufflers/f iiterg attached to the ' \ ' * 
.atmospheric ports 140, 156 of thei' direction control valve 74 
are shown^and indicated by t.he, reference characters 140a and 
lS6a, respectively.. . . 

'As sIiould:.be apparent,; the actuating rod 5Q.a and hence 
diaphragm 16 will reciprocate' vertically as the- direction 
control., valve •74 shifts the application of source pressure 
%o the actuating rod retraction chamber 138 'from the upper :" 
diaphragm chamber. I6a. ■'■.The..,end^stroke.sensprs 86, 88 ensure 
■that the actuating .rod 50a travels to its extreirtes of 
movement irather .t'han. ch'angihg' direction' when in an 
intermediate position as. is. tU. case .with some prior, art •• 
cbntrbllers which- switch based on' timers' with this " - 
disclosed control module apparatus, extremely precise : . 
metering of fluid pumped by ^he pump assembly 12 can be 
maintained. This is due-to ..th^ fact that the diaphragm pump 
12 is-:a .positivfe- displacemert.t. pump. a.nd' a full stroke of the 
diaphragm 16 will pyrtp .a relatively precise amount of .. l " 
•pumpage.. from the.putnp.in.let- 22 to the pump outlet 28. -• 

• -- Ih most applications; the air pressure necessary to. ' 
effect.a discharge stroke is. substantially greater than^ the 
.air -pressure needed .to retract-, the diaphragm., in order ^ to 
perfo.rm a. sUction stroke. .According to a feature of the 
invention^ the discharge stroke pressure is separately . . 
.ad.justable. from the suction stroke pressure. Turning to : 
.Figure 5., as • e:cf)}ained above, , the supply passage 130 
•sypplies pr^^sure. to the upper diaph.ragm chamber. I6a during • 
the- .discharge stroke .(and may also, supply pressure to the 



upper cylinder chamber 136);. . :ilie adjustable pressure ' • • 
regulator 72b determines the; ^pressure' that i^ delivered to 
the upper chamber' 16a of the diaphragm' housing 12a (gee • 
Figure 4) by the supply passage 130,- . \ 

. As explained above, the siipply passage 142 supplies . 
pressure to the lower . chandler 138 of the cylinder 50 during 
the suction stroke in order to move the, diaphragm upwardly. 
The supply line 1^42 ■ includes; a separate, adjustable 
regulator.72a by which the maximum pressure delivered, to the 
lower, chamber 138 is determined. " . 

..The adjustable regulators l2a', .72b can be used' to 
adjust . the. stroke-.^ate of the pump and,' in f^ct. can be . 
adjusted so that.^the discharge stroke rate and Suction. 
stroke .rates ar^ di^fferent.. Por som^,:applications, ' sUch as 
heavy .slu?;rie^, .it may. .b^:.desirabii.e.; tP. hive a suction: stroke 
■ rate, that is 'slower, than the. discharge, stroke rate. ' 
• / :As also explaih^.d;above, .when -the 'supply passage 130 is 
supplying a-ir pressure; • the passage 142 is used as a vent, 
passage and vice versa". In order to. facilitate venting • 
through the passages, respective check valves 160, 162 are' 
used to bypass the pressure regulator 72a, . 72b when the 
passages 142,. 130 a^fe venting air pressure, respectively. ' 

:it should be noted here that the Uiiistrated pressure 
regulators 723, ;72b are adjusted by .manually operated . • 
adjusters ■164 ,^166. .. The invention,- however, ' contemp.lates , ■ 
other types of ad j ustable . pressure regulators , such as 
remotely controlled:, .pneumaticaily and electrically operated 
pressure regulator's;,. ' : 

As indicated above ,^ the intermediate valve 76 provides 
a det.ent .or lock f.unction- for the directional, control valve. 
74 which inhibits the occurrence of "centering" or 
"stalling" of the actuator 50.. The intermediate valve 76 



isolates the direction control valve 74 firom partial signals 
that may be genetated by one or both of the end.of -stroke 
sensors 86/ 88. These partial signals n,ay"be generated ' when 
the pistpji 90 reaches one of its limits of travel and " " 
initially contacts the actuating pin of: one of the end of 
stroke., sensor,.; The initial . contact with the actuating pin 
-causes the intermediate valve to effect a shift" in the 
direction control .valve 74..: The direction control valve 74 
wai remain in its shifted position until the opposite end- 
of -stroke sensor is actuated.' Under some operating ' 
•conditions, pressure fluctuations i.n the diaphragm chamber ' 
may cause. the piston to "bounce" , and reactuate the end of 
• stroke sensor:.., With,the present invention,- this "bounce" - 
■ wxll not, c.a.use .a shift in the .direction control valve 74 • 
.Only actuation of the opposite erid^of- stroke sensor can- 
fffect a shift -in. the. directional control valve As a - 
consequence, the occurrence ■ of "stalling" or »c^ntering" is 
substaritially eliminated. ■ 

,. Another advahtage of the present invention is provided 
by the position of, the pressure regulators in the fluid " 
circuit. -AS. seen best in' Figured 5 and 6, the directional ' 
control . valve- :74 . and the intermediate, valve 72 are located ' 
upstream of the. air pressure regulators 72a; 72b. Asa 
result/ the. valves 74, .76. are always, connected to full line • 
pressure to. assure.,reliable operation. In some control 
systems where an "upstream", .pressure regulator or regulators 
are used to adjust :the timing; of the auction and/or 

discharge strokes,., "stalling'' or ."centering" may occur ' 
This is due to the reduced operating pressure that results • 
from pressure regulators .upstream of the valves that, are 
adjusted to produce lower pressures. • 

.The. disclosed control module can be easily adapted to a ' 



variety of di^phtagm pumps both new and old... The use of • a " 
separate adapter/ 64 by which the control module 14 is .• 
mounted to an existing flange of the diaphragm pump, allows 
the same control module to be used on diverse ..diaphragm -f 
pumps. .Only the adapter. 64 nee.ds to be sized and configured 
■ for the diaphragrn pump flange 68 . (see Figure 4) . in 
•addition; differently sized cylinders. 50 can be easily • 
fitted to the same intermediate bracket. 60 in order to • 
•adconroodate the.&t^^^ distance for a particular pump. 

Although th^ invention has been de-?cribed with, a^^ 
certain degre^: of partipularity, it should be ^understood • 
t)iat those skilled in the art can make various change^ to it 
wi.l;hout departing from the .spirit or- scope of the inyention " 
as hereinafter claimed. 



CLAIMS 

We Claim; 



1. A diaphragm pump assembly comprising: 
. .a) . a pump housing that defines a pumping chamber . 
having an inlet to deliver pumpage to the chamber, a 
flexible diaphragm supported within the chamber to apply 
pressure to pumpage entering the pumping chamber, and an 
outlet to discharge pumpage from the pumping chamber; 

b) a pump control module for effecting' the discharge 
and suction strol^es for the diaphragm, said control module 
including 

!)■ an intermediate bracket secured to a diaphragm 
.. housing forming part of the pump housing ; 

ii) a fluid pressure operated actuator attached' to 
•said intermediate bracket and including an actuating . 
rod extending through said intermediate bracket and 
operatively connected to said diaphragm; 

iii) a direction control valve for selectively 
directing fluid pressure to' said pumping chamber during 

• a discharge -stroke and to' a. lower chamber , forming part 
of said actuator,^ during a suction stroke; ' • 

iv) an intermediate valve for controlling said 
.direction valve; - ■ 

■ ■ ■ y) a pair' of pressure regulators f ©r adj usting 
the fluid pressure applied to. said pumping chamber- and 
to said lower chamber during a discharge stroke and 
suction stroke, respectively; and, 

vi) a pair of erid-of -stroke sensors for sensing 
. ' \the limits of movement for said actuating rod; 



2.-- .The diaphragm pump assembiy of .claim 1, . wherein 
said actuator comprises a fjuid pressure operated cylinder. 
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